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Foreword 



The shortage of competently trained para-professional employees in all 
of the professional fields has brought into sharp focus the need for the 
establishment of a large number of post-high school educational programs 
designed to prepare technicians. Education beyond the high school is today 
a recognized social and economic necessity. The concept of technical edu- 
cation as being a part of higher education has emerged during the past 
decade as the job functions of the technician have been delineated to require 
a significant mathematics and science base. 

Many problems remain to be resolved from the standpoint of curriculum 
content, manpower needs, semantic differentials, teacher preparation, student 
identification and motivations, and the public image of technical education. 
Several professional organizations have been actively involved in working 
on some of these problems. Included among these are the American Tech- 
nical Education Association, American Association of Junior Colleges, Ameri- 
can Society for Engineering Education, and, more recently, the Commission 
on Science Education of the American Association for the Advancement of 
Science. 

The purpose of the symposium is to bring to the attention of the scientist, 
the industrialist, and the educator some of the critical problems facing the 
implementation of program offerings for technicians. Since these programs 
are post-high school and are considered a part of higher education, the roles 
of the junior college and of the comprehensive community college must be 
considered as having the greatest potential for providing the vehicle for 
program implementation. There is a need for the science educator to under- 
stand the succinct differences between technical education and trade 
preparatory training on the one hand, and preprofessional science and 
mathematics education at the lower division on the other hand. He must 
also recognize his responsibility in becoming involved in the development 
of new approaches in science education to help solve some of the problems 
confronting science educators in technical education programs. 

JERRY S. DOBROVOLNY 
Symposium Organizer 




Preface 



In the report of the AAAS Conference on Science in Technical Education, 
Technical Education: A Growing Challenge in American Higher Education, 
the Comrission on Science Education of the American Association for the 
Advancement of Science stated that: "The need for educating larger num- 
bers of highly trained techricians is reaching the critical stage, and there 
is as much reason now for national concern about technical education as 
there was for concern about the education of scientists and engineers two 
decades ago." The Commission agreed that it should continue its active 
interest in technical education with particular emphasis on enlisting addi- 
tional participation by the scientific community in the improvement of the 
science and mathematics content of technical education programs. 

As one step toward accomplishing this objective, the Task Force on Tech- 
nical Education of the Commission on Science Education invited Jerry S. 
Dobrovolny, Professor and Head, Department of General Engineering, Uni- 
versity of Illinois, and President of the American Technical Education Asso- 
ciation, to organize a symposium on some of the basic problems of technical 
education to be held on December 29, 1968, at the annual meeting of the 
AAAS in Dallas, Texas. The symposium was sponsored jointly by the AAAS 
Commission on Science Education, the American Association of Junior Col- 
leges, and the American Technical Education Association. The sponsors 
also provided support for publication of the conference papers. 

The sponsors of the symposium wish to express appreciation to Miss Molly 
Moffett of the Publications Office of the American Association of Junior 
Colleges and to Miss Orin McCarley of the Education staff of the Com- 
mission on Science Education for their work in editing the symposium papers 
and preparing them for publication. 

May, 1969 

HOWARD F. FONCANNON 
Coordinator, Technical Education Project 
Commission on Science Education 

Single copies of this report can be obtained without cost by writing to 
Education, American Association for the Advancement of Science, 1515 
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Introduction 



Increased sophistication in research and development in industry has 
brought into focus the need for competently trained technicians. In the 
judgment of many, the predominant locus for such training will be at the 
post-high school level. Such education and training now exists extensively 
in junior and community colleges, technical institutes, branches of four- 
year colleges, and area vocational schools. However, the supply of gradu- 
ates of these technician training programs has not been adequate for the 
needs of industry. Technical education is a legitimate part of the higher 
education program. In recent years the need for a significant mathematics 
and science component in the training of technicians, particularly as aides 
to engineers and physical scientists, has become apparent. 

This symposium has as its objective to bring to the attention of the science 
community some of the critical problems and some proposed solutions in 
the field of technical education. Advances in technical education are de- 
pendent on an understanding by the science community of these problems 
and require the cooperation of this community and those in technical edu- 
cation. 

Hopefully, tf»e presentations made in this publication will stimulate dis- 
cussion and lead to significant cooperative activity. 

LEWIS R. FIBEL 
Symposium Chairman 








Part I 

Science and 
Mathematics in the 
Technical Curriculum 






The Science and Mathematics Base 
of a Technical Curriculum 
MAURICE W. RONEY 

Director , School of Occupational and Adult Education 
Oklahoma State University 

Mathematics and science requirements in the two-year, post-high school 
technology curriculum are sufficiently different from the courses normally 
offered for transfer credit to merit special consideration. The post-high 
school program is a unique educational package. It borrows heavily from 
higher education for its content and from vocational education for its objec- 
tives. But its curriculum and its instructional processes are strictly its own. 
Neither the traditional college nor the traditional vocational school provides 
a pattern for the technical curriculum. 

The conventional mathematics and science courses of a multi-purpose 
university, college, or junior college do not provide the flexibility required 
in a technical curriculum. Colleges frequently operate on the "goods-by-the- 
yard" system. Standardized mathematics and science courses are pulled 
from the shelf, supermarket style. While this kind of curriculum design may 
be satisfactory for the four-year college curriculum, it is highly unsatisfac- 
tory for technical programs. For one thing, the structure of a college cur- 
riculum is entirely different from that of a technical curriculum. In engineer- 
ing, for example, mathematics and science courses make up the first half 
of the study plan. The student is given an extensive program of mathematics, 
physics, chemistry, and general education before he enters upon any study 
of a specialized nature. A two-year technology curriculum cannot afford 
this luxury. It is necessary, for a number of reasons, to introduce the tech- 
nical study in the first term of a technical program. Courses in mathematics 
and science must be concurrent with and coordinated with the technical 
study. For this reason mathematics and science courses designed for an 
engineering curriculun are inefficient in a technical curriculum. 

Neither do the traditional methods of vocational trade training provide 
the answer. Trade training normally requries a person-to-person relation- 
ship, with a single instructor responsible for most, if not all, of the training 
program. Skills and knowledge are integrated by the trade instructor who 
relates mathematics and science directly to the needs of the trade. 

Technical training requires an entirely different approach. First of all, 
the subject matter in any technology is far too broad to be taught by any 
one person. Secondly, the mathematics and sciences of the technical cur- 
riculum are not job skills; they are learning skills. The specific content of 








mathematics and science courses is determined by the specific needs of tech- 
nical courses. The mathematics needed in a materials testing course, for 
example, may be well beyond the mathematics used by the graduate tech- 
nician on the job. These three factors-the separation of mathematics and 
science into discrete courses, the coordination of course work required in 
the tight vertical structure of the two-year curriculum, and the emphasis on 
principles rather than job skills— put special requirements on the mathematics 
and science program in technical curricula. 

In order to understand these special requirements, it is necessary to study 
the special needs of students. Just as the curriculum differs from the more 
traditional form of higher education and vocational education, so also do 
the students. Unless these differences are recognized and given considera- 
tion, the program will not attract and hold capable students. 

The typical technical student is intensely interested in a specialized field 
of study. He comes to the technical program because of its positive values— 
not because he cannot study in some other field. He is, in a sense, a fugitive 
from general education; tired of taking "subjects" and anxious to get his 
teeth into something interesting. He comes to learn electronics, or metallurgy, 
or industrial chemistry, not more of the same things he studied in high school! 
Indeed, he is quite likely to be conditioned to dislike general education by 
years of unhappy experience in secondary school. Furthermore, the typical 
student in a technical program is likely to be more mature than the usual 
high school graduate. He may very well have worked for a year or two 
since leaving high school. It is not unusual for individuals with one or more 
years of college credit to enter these special purpose programs. 

If the technical curriculum is to attract and hold the type of students that 
have been described— and these will be some of the very best— a substantial 
introduction to the specialized field of study must be included in the first 
term. If the first term consists only of general education subjects— mathe- 
matics, English, and social studies — it will hold very little interest for some 
of the most capable students. In many technical curricula, courses in the 
field of specialization make up from one-third to one-half of the first term. 
Mathematics and communication skills, being tool subjects, are also intro- 
duced in the first term, which means that social sciences, humanities, and 
physical sciences must be deferred to the subsequent terms. 

Another important advantage is obtained by introducing technical courses 
in the first term. It is possible, by this design, to obtain significant depth in 
the specialized field of study in the final stages of the program. In the four- 
semester program, for example, if the introduction to the specialized field 
' ' s deferred, even for one term, it is not possible to cover both the range of 
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basic principles and the more advanced concepts needed for success as a 
technician. 

A second major consideration in the design of technical curricula is the 
correlation of course work in mathematics, science, and technology. A num- 
ber of studies have been made to determine the relative emphasis on mathe- 
matics in technical institute curricula. This emphasis is usually measured by 
the credit-hour requirements in mathematics. But the amount of mathematics 
shown in formal courses is not a true measure of the mathematical ability 
needed for the curriculum. True, the content of courses in mathematics should 
identify the concepts, formulas, and constructs that are needed. But the 
technical courses must provide the applications. This means that the content 
of technical courses must be tailored to parallel the student's progress in 
mathematics. With this arrangement the student has the advantage of formal 
mathematics instruction plus the reinforcement of learning that come" 5 f.om 
interesting applications of mathematics in technical courses. 

Science principles can be treated in somewhat the same manner, although 
it is not always possible to coordinate science courses with technical courses. 
In general, science courses should be scheduled during the second and third 
terms of a four-term curriculum. With this plan, the student has one full 
term of mathematics preceding the study in science and takes at least one 
course concurrently. The choice of which science topics to schedule first in 
the curriculum can be made on the basis of the need for principles of elec- 
tricity, mechanics, chemistry, and so on, in the technical study. 

To illustrate the two factors of curriculum design that have been dis- 
cussed a graphic illustration may be helpful. 

THE DISTRIBUTION OF SUBJECT MAHER IN TWO TYPES 
OF TWO-YEAR POST-HIGH SCHOOL CURRICULA 

A Technical Curriculum A Pseudo Technical Curriculum 
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Figures 1 and 2 illustrate a basic difference that exists between technical 
curricula and what I have chosen to call pseudotechnical curricula. In these 
diagrams the areas shown represent subject-matter emphasis, starting at 
the left with the first term and moving to the right through the two-year 
program. The technical curriculum, represented by Figure 1, is a fair repre- 
sentation of the course organization in an engineering technology curriculum. 
It contains the two basic elements of strength that have been discussed. 
Specialized technical course work is introduced in the first term and con- 
stitutes roughly 50 percent of the curriculum with mathematics and science 
courses carefully coordinated. The slanting lines indicate the change in 
emphasis on subjects in scheduled classes. Mathematics, for example, begins 
in the first term as a discrete subject, but it is also an integral part of the 
technical courses. 

Figure 2 represents a compromise between the objectives of a technical 
curriculum and the forces that impinge on the institution to design all cur- 
ricula alike as nearly as possible. Approximately two-thirds of the course 
work is in mathematics, science, and general education. Technical courses 
are concentrated in the second year. This type of curriculum has neither 
the appeal to students nor the effectiveness of an integrated curriculum. Its 
primary appeal is to administrators, since roughly two-thirds of the course 
work can be "taken from stock" in most institutions. A curriculum of the 
type represented by Figure 2 lacks the positive approach that is necessary 
to attract the really able student interested in a specialized field of study. 
It may, and very probably will, suffer from a lack of unity, cohesion, and 
direction. By contrast, the integrated curriculum shown in Figure 1 has a 
strong sense of direction. Students are normally under the guidance of tech- 
nical specialists throughout the program and the interrelationship of all s- > 
jects and courses can be made apparent. 

As a means of presenting the significant points of conclusion, I will describe 
the mathematics and science program in a typical school. This hypothetical 
school offers two-year, post-high school, programs in electronic, mechanical, 
and civil engineering technology, or in construction. It has an enrollment 
large enough to provide flexibility of schedules. Entering students are 
average in ability based on national norms for college freshmen. Entrance 
requirements include two years of high school mathematics. 

The mathematics and science program in this school might have the fol- 
lowing characteristics: 

The mathematics program consists of two courses: a first term course in 
algebra and trigonometry, and a second term course which includes 
algebra, trigonometry, and selected topics in analytic geometry and cal- 
culus. 
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Algebra and trigonometry are functional in nature. Instruction is aimed 
at developing practical problem-solving skills. Emphasis is on the use of 
mathematics as a tool skill— not the mechanics of formula derivation. 

Analytic geometry and calculus are introduced by special applications. 
Problem-solving, using these concepts, is limited to applications that are 
meaningful to the student. 

Because the needs of individual curricula differ, separate sections in 
mathematics are set up for students in each curriculum. The topics covered 
in algebra and trigonometry courses are much the same as those included 
in any college-level courses in these subjects, but the order in which topics 
are taught and the emphasis given to each topic are determined by the 
needs of each technology. 

Coordination of mathematics instruction with technical courses is ac- 
complished in two ways: (1) Mathematics courses give special emphasis 
to the topics being used in technical courses. Technical courses provide 
the applications of mathematics being taught in mathematics courses. 
(2) Instructors in technical courses review or reteach the mathematics 
needed in these courses. Up to 20 percent of the class time is used for 
this purpose. 

The physical science part of the technical program consists of selected 
topics in physics and one general chemistry course. Physics=mechanics and 
physics-electricity are required in all technical curricula. Physics courses 
have a base of mathematics which include algebra and plane trigonom- 
etry. Higher mathematics is not required. 

The order of priority for physics courses varies by curriculum. For ex- 
ample, physics-mechanics is the prerequisite for technical courses in me- 
chanical technology and civil or construction technology. Physics-electricity 
is an auxiliary science in these curricula and is scheduled without par- 
ticular reference to technical courses. 

Mechanics and electricity are given special emphasis by a liberal use 
of applications. Auxiliary topics such as heat, sound, and light are intro- 
duced but are given less emphasis. 

All instructors of mathematics and science have education and/or ex- 
perience in technology. 

The foregoing description is necessarily oversimplified. Many philosophical 
and practical problems arise in the process of developing a program in such 
broad and comprehensive fields as mathematics and science. There are 
areas of disagreement, for example, between advocates of pure mathematics 
and proponents of applied mathematics. Some schools will require a "com- 
mon core" of mathematics and physical sciences for several technology 
curricula. Nevertheless, the program I have described is representative 
of ongoing programs in successful schools. 

This is not to say that what is being done now will be entirely adequate 
for the future. However, the experiences of technical educators have shown 
that some of the traditional methods of .teaching mathematics and science 
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are not satisfactory for technical education. Technical education has a form 
and character of its own. It is a mixture of college and vocational education. 
If this kind of a mixture is necessary, so be it. It is infinitely better than 
failure to provide good educational services by refusing to change from 
our traditional ways of doing things. 



Science-Based Technical Education in 
the American Educational System 

JERRY S. DOBROVOLNY 
Professor and Head 
Department of Genera/ Engineering 
University of Illinois 

Introduction 

The concept of post-secondary, science-based, two-year, associate-degree 
programs in technical education has received considerable attention during 
the past decade, and particularly during the last five years; however, tech- 
nician preparatory programs date back to the nineteenth century. During 
the building of the Erie Canal, a shortage of trained personnel resulted in 
a number of Mechanics Institutes" being organized to train technicians. 
As the nation was being spanned by railroads, the need for trained per- 
sonnel was again brought into sharp focus. 

To help solve technical manpower needs, the Morrill Act was passed in 
1862 for the purpose of organizing the land grant colleges "to teach such 
branches of learning as are related to agriculture and the mechanic arts." 
In the beginning, these colleges offered programs dealing with the practical 
side of agriculture and engineering. Today they are science-oriented uni- 
versities offering a wide spectrum of curricula including agriculture and 
engineering. 

By 1890 the land grant colleges, as well as the private schools, were 
established in the four-year curriculum pattern. The need for technicians, 
however, continued and in 1895 the Frederick Pratt Technical Institute, pat- 
terned after the technikum of Germany, was established. By 1922 there 
were thirteen technical institutes in the United States. 

In 1954 the Smith Report 1 indicated that there were sixty-nine technical 
institutes in existence. The G. Ross Henninger study^ for the American Society 
for Engineering Education in 1959 reported surveying 144 technical institute 
programs, 92 public and 52 private. Today it is estimated that over 500 
institutions are offering some type of technical education program. 
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Manpower Team Concept 

For a better understanding of the need for a science-based program to 
prepare technicians, a brief discussion of the manpower team concept as 
it relates to the world of work is in order. As advances in science and tech- 
nology have occurred, the fragmentation of job functions has increased 
proportionately. In the time of the Industrial Revolution in England in the 
late eighteenth century, the early industrial innovators, such as James Watt, 
worked as individuals. They designed their own machinery, built it, and 
then operated it. This procedure was followed into the middle of the nine- 
teenth century when the two-man teams of inventor-engineer and craftsman- 
builder began to evolve. 

The inadequacy of the two-man team became apparent during World 
War I; however, not much was done about it even though the Wickendon- 
Spahr report 3 of 1931 urged the training of technicians to assist the engi- 
neer. It is interesting to note that at the time of the preparation of the 
report (1930) the characteristics of the technical institute were described as: 

... a school of post-secondary character, but distinct in character from a college or 
university ... to train men and women for callings and functions which occupy an area 
between the skilled crafts and the highly scientific professions. . . . Industry must, there- 
fore, look increasingly to technical schools rather than to its rank and file for its technical 
and supervisory personnel. 

The report goes on to state that in the manufacturing industry the desirable 
ratio of technicians to engineers should be about three to one depending 
upon the particular industry and the particular job function. The report 
further states: 

The technical institute needs a director and staff who are in intimate touch with industry 
and specially proficient in blending scientific and practical instruction rather than leader- 
ship of the "educationist" type. 

When we consider the fact that this was written thirty-nine years ago, it 
is sometimes difficult to rationalize the lack of implementation and identifica- 
tion of this important segment of our technical manpower for all these years. 

The great depression of the thirties undoubtedly influenced the imple- 
mentation of training and educating a significant number of technicians. 
However, with the coming of World War II, the great shortage of technicians 
again became apparent. Many of you, I am certain, remember the ESMWT 
(Engineers, Science, Management War Training) programs. The manpower 
needs of industry during World War II brought into sharp focus the need 
for the three-man manpower team, namely the engineer, the technician, and 
the craftsman. 

In 1956 the President appointed a Committee on Scientists and Engineers 
to investigate the shortage of scientific manpower. This committee devoted 
a considerable amount of time to the discussion of the importance of tech- 
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nicians in the engineering manpower team. In its final report to the Presi- 
dent dated December 1958, 4 the report states: 

The members of the President's Committee are unanimous in the belief that the man- 
power problems of technicians are at least as severe as the problems of scientists and 
engineers. 



The information developed by the President's Committee on Scientists and 
Engineers along with the Henninger Study provided the groundwork for the 
passage of Title VIII of the National Defense Education Act of 1958. This 
Act provided for the specific responsibility for training of technicians for the 
defense industries as outlined in the report by the President's Committee on 
Scientists and Engineers. 



To further demonstrate the importance of preparing technicians, the Presi- 
dent's Panel of Consultants on Vocational Education reported in November 
1962, in its Appendix I entitled. Technical Education in the United States , 5 
on the great need for training technicians at the post-secondary level. Based 
on these data, the Vocational Education Act of 1 963 was passed by Congress 
and signed into law by the President. Further testimony to the importance 
of this activity has been the rewriting of all of the past legislation pertaining 
to vocational and technical education resulting in Publie Law 90-576, Voca- 
tional Education Amendments of 1968. 



Today the fragmentation of the manpower team has resulted in the need 
for several levels of competency to be operative in any successful utilization 
of trained manpower. The three principal levels of competence on any 

manpower team are normally identified as professional, technical, and 
vocational. 

A professional person is identified as being competent by virtue of his 
fundamental education and training to apply the scientific methods and 
outlook to the analysis and solution of problems. He is able to assume 
personal responsibility for the development and application of science and 
knowledge, notably in research, designing, superintending, construction, 
manufacturing, managing, and the education of other professionals. The 
work is predominantly intellectual and not of a routine character. It requires 
the exercise of original thought and judgment and the ability to supervise 
the technical and administrative work of others. 

The technician can be found to be working in a wide range of job classi- 
fications. In the Characteristics of Excellence in Engineering Technology 
Education 6 (1962), an engineering technician is defined as: 



... one whose education and experience qualify him to work in the field of engineer- 
ing technology. He differs from a craftsman in his knowledge of scientific and engineering 
theory and methods, and from an engineer in his more specialized background and his 
use of technical skills in support of engineering activities. 



10 



I 



The technician works closely in support of the professional person. He 
assists in developing the project that the team is working on and becomes 
involved with calculations, prototype development, liaison work v/ith the 
craftsman, and a wide range of support activities. Similar identifications 
of technician activities can be developed for the other professional fields, 
such as health, business, agriculture, architecture, etc. 

To assist in the development of an identity for the technician, the National 
Society of Professional Engineers has worked closely with representatives 
of the American Society for Engineering Education developing a philosophy 
that encourages the engineering technician to relate to the engineering 
profession. The Society has established the Institute for the Certification of 
Engineering Technicians and, since 1961, has been accepting applications 
and processing them to certify the individual technicians into the following 
three grades: 

Junior Engineering Technician: The applicant must have either two years of experience 
in work requiring elementary technical ability as evidenced by the endorsement of a pro- 
fessional engineer or equivalent or be a graduate of an Engineers' Council for Professional 
Development accredited program in some field of engineering technology. 

Engineering Technician: The applicant must meet one of the requirements for the grade 
of junior engineering technician and must have five additional years of applicable experi- 
ence as evidenced by the endorsement of two professional engineers or equivalent. He 
must be at least twenty-five years of age and may be required to pav' an examination. 

Senior Engineering Technician: The applicant must meet the requirements for the grade 
of engineering technician and must have at least ten additional years of experience o 
a high-level detailed technical nature as evidenced by the endorsement of three profes- 
sional engineers or equivalent. He must be at least thirty-five years of age. 

It is obvious that it is difficult to define the engineering technician in specific 
terms. It is a matter of developing a philosophy and understanding of the 
kind and level of work that the technician becomes J olved in. 

The third major category of the three-man team concept is, of course, the 
craftsman. The craftsman is involved with manufacture, construction, and 
maintenance in our industrial complex. The skills are primarily manipulative 
as they apply to the operation of specific machines and the fabrication of 
buildings and equipment. The maintenance component of the craft is a 
significant one in our complex society today. 

Identification of Technical Education Programs 

The identification of the technical institute as an institution to provide 
post-secondary education for the purpose of training technicians to function 
between the craftsman and the professional was discussed above when 
reference was made to the Wickendon-Spahr report. Perhaps the first 
organized movement to correlate the activities of technical institute education 
was the formation of the Technical Institute Division within the American 



Society for Engineering Education in 1941. As a result of the activities of 
this group, the accreditation of two-year associate degree programs was 
started in 1944 by the Engineers' Council for Professional Development. 
After a decade or so, it became apparent that there was a need for a 
national study to determine the status of technical education in the United 
States. This resulted in the Henninger study mentioned above. The impor- 
tant finding of the Henninger study was the recommendation for developing 
objective criteria that could be used by the accreditation teams when looking 
at technical institute programs. 

In the spring of 1959, a Steering Committee was appointed to plan and 
oversee an evaluation of technical institute education. This was organized 
through the Technical Institute Division of the American Society for Engi- 
neering Education in a project that was funded by a grant from the National 
Science Foundation. The project officially began on December 1, 1961. 
The report of the study was published in 1962 and was entitled Character- 
istics of Excellence in Engineering Technology Education. 6 

At about the same time that this activity was taking place, the U.S. Office 
of Education was vitally concerned with the problem of evaluation in terms 
of the implementation of program development under Title VIII of the 
National Defense Education Act of 1958. Specifically, the Act provided for 
educational programs to train youths and adults for "useful employment as 
highly skilled technicians in recognized occupations requiring scientific 
knowledge. The Office of Education study resulted in the publication 
printed in March 1962, entitled Occupational Criteria and Preparatory Cur- 
riculum Patterns in Technical Education Programs ? It is interesting that the 
conclusions and recommendations of these two independent studies are 
essentially the same in terms of identifying the curriculum content, level of 
program, student identification, faculty selection, and the general philosophy 
relating to post-secondary technical education. 

The report Occupational Criteria and Preparatory Curriculum Patterns in 
Technical Education Programs 7 sets forth some general requirements for 
technical occupations. The general abilities for a technician are listed as 
follows: 



Facility with mathematics; ability to use algebra and trigonometry as tools in the devel- 
opment of ideas that make use of scientific and engineering principles; an understanding 
of, though not necessarily facility with, higher mathematics through analytical geometry, 
calculus, and differential equations, according to the requirements of the technology. 

Proficiency in the application of physical science principles including the basic concepts 
and laws of physics and chemistry that are pertinent to the individual's field of technology. 

An understanding of the materials and processes commonly used in the technology. 

An extensive knowledge of a field of specialization with an understanding of the engi- 
neering and scientific activities that distinguish the technology of the field. The degree 
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of competency and the depth of understanding should be sufficient to enable the individual 
to do such work as detail design using established design procedures. 

Communication skills that include the ability to interpret, analyze, and transmit facts 
and ideas graphically, orally, and in writing. 

One of the significant aspects of the ASEE report, Characteristics of Excel- 
lence in Engineering Technology Education , is the identification of programs 
of engineering technology where engineering is used as an adjective modi- 
fying the noun "technology." The report defines engineering technology as 
follows: 

Engineering technology is that part of the engineering field which requires the applica- 
tion of scientific and engineering knowledge and methods combined with technical skills 
in support of engineering activities; it lies in the occupational area between the craftsman 
and the engineer at the end of the area closest to the engineer. 

The Data Compatibility Group of the National Center for Educational 
Statistics of the U.S. Office of Education has developed (1966) the following 
definition of technical education. 8 

Technical education is concerned with that body of knowledge organized in a planned 
sequence of classroom and laboratory experiences, usually at the post secondary level, to 
prepare pupils for a cluster of job opportunities in a specialized field of technology. The 
program of instruction normally includes the study of the underlying sciences and sup- 
porting mathematics inherent in a technology, as well as methods, skills, materials, and 
processes commonly used and services performed in the technology. A planned sequence 
of study and extensive knowledge in a field of .specialization is required in technical 
education, including competency in the basic communication skills and related general 
education. Technical education prepares for the occupational area between the skilled 
craftsman and the professional person such as the doctor, the engineer, and the scientist. 

Technical Education Curriculum 

A technical curriculum is normally a minimum of two years made up of 
four semesters or six quarters of a planned sequence of college-level courses, 
which usually leads to an associate degree. It differs significantly from the 
first two years of lower-division work in an engineering curriculum or any 
other professional curriculum. The first two years of a professional bacca- 
laureate curriculum are primarily devoted to mathematics, science, and 
general education with very few specialized technical courses. On the other 
hand, a technology program must initiate specialized technical courses early 
in the program if the desired objectives are to be accomplished within the 
time available. The sequencing of courses and topics must be carefully 
organized to permit the student to develop to the desired levels of compe- 
tence. A technology curriculum must require the rigor of effort on the part 
of the student that is equivalent to the rigor of effort required in a college 
program. 

A technology curriculum must be structured to prepare a graduate to 
enter a job and be immediately productive with a minimum of on-the-job 
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training. It must also prepare the graduate to keep abreast of the devel- 
opments in the technology throughout his career and also to enable him 
with a reasonable amount of industrial experience, to advance into positions 
of increased responsibility. In addition, it must include sufficient work in the 
nontechnical area to prepare the individual to participate fully in the society 
of which he is a part. 

The breakdown of a typical two-year associate degree program in tech- 
nical education, as described in the Characteristics of Excellence in Engi- 
neering Technology Education, 6 is as follows: 

Semester 
Credit Hours 

Basic Science Courses 

Mathematics 10 

Physics 8 

18 

6 

9 

15 

6 

33 

39 

Total 72 

The mathematics and science base of a technical curriculum must be 
structured to reflect the relevance of the topical coverage in the various 
courses as they relate to the specific subject matter of the technology being 
studied. These courses should be uniquely designed courses to meet the 
above objectives. 

The technical specialty courses must be structured to meet the demands 
peculiar to a technical curriculum. They should be applicatory in nature 
and at the same time should be used to develop within the student the 
conscious appreciation of the scientific principles involved in the particular 
topic being developed. There is a great need for new and innovative cur- 
riculum development projects to prepare new instructional material to prop- 
erly present the required subject matter. 



Non-Technical Courses 
Communications 
Humanistic-Social Studies 



Technology Courses 
Technical Skills 
Technical Specialty 



14 





p-::\ 

x x * v ; 







Some of the other problems that relate to the implementation of a well- 
structured technical education curriculum have to do with student selection, 
motivation, and identification, as well as faculty requirements. 

Future of Technical Education 

The potential for the development of a well-structured comprehensive 
technical education program in the United States is perhaps greater today 
than it has been at any time in the past. One of the most significant devel- 
opments has been the activities undertaken by the Commission on Science 
Education of the American Association for the Advancement of Science, 
which appointed a Task Force on Technical Education for the express purpose 
of studying science in technical education. The culmination of the first phase 
of this study was the AAAS Conference on Science in Technical Education 
held in Washington, D.C., on July 22 and 23, 1968, which brought together 
fifty leaders in technical education from universities, junior and community 
colleges, federal and state governmental agencies, industries, and profes- 
sional associations. The conference addressed itself to the critical problems 
facing technical education today and were grouped within the following 
nine categories: 

1. Technical Education in the American Educational System 

2. Technicians in the Labor Force 

3. Measurement of Supply and Demand 

4. Institutions 

5. Students 

6. Teachers 

7. Curricula 

8. Science and Mathematics Courses 

9. Methods 

Position papers were prepared in advance of the conference by the staff 
of the Task Force and were used as a basis for discussions in each of the 
groups listed above. A detailed report of the conference has been pre- 
pared by the Commission to bring to the attention of the people working 
in the area of technical education the important findings of this conference. 9 
One of the most important items discussed was that of the status of tech- 
nical education. In the AAAS Bulletin , September 1968, the following 
statement appears: 

It IS generally agreed that technical training programs should be at the college level, 
and they are being conducted largely by community and junior colleges along patterns 
and at levels of rigor established by the private technical institutes. 

The identification of technical education as a part of higher education 
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should provide a considerable impetus in attracting additional students into 
these programs. Two of the other problems that were identified as major 
areas of concern were science and mathematics instruction in technical 
curricula and teacher education. Both of these will be discussed at other 
times in this symposium. 

Another important activity that is being carried on at this moment is the 
organization of a national advertising campaign to assist in the identifica- 
tion of technical education. The National Industrial Conference Board, 
the U.S. Office of Education, the National Advertising Council, and the 
American Technical Education Association, have undertaken the develop- 
ment of a multi-media advertising campaign to bring to the attention of 
high school students, parents, industry representatives, and counselors the 
importance of the role of the technician in modern industry. The campaign 
is scheduled to provide material to go to the major trade magazines, news- 
papers, radio, television, and other communication media on or about 
April 1, 1969. 

It has been estimated by the U.S. Department of Labor that between 
1963 and 1975 there will be a need for 74,000 to 100,000 new technicians 
per year in all fields. Additional data indicate that the number of available 
graduates from technical education programs will range from 16,000 in 
1963 to approximately 57,000 in 1975. For the year 1975, the new demand 
will exceed the new supply by 73,000 or 56 percent of the requirements. 

In the light of the projected shortage of qualified technicians entering the 
labor force the paradox that faces us is the fact that two-year technical 
schools in the United States are filled only to about 60 percent of their 
capacity. 

Many of the larger corporations in the United States are so concerned 
about the effective utilization of their manpower that they have identified a 
vice president at the corporate level to deal with this critical problem. 
Evidence supports the premise that if we do not solve the problem of a 
critical shortage of technical manpower the advancements in our society 
may well have to be slowed down because of lack of competently trained 
personnel. The future of technical education is bright; however, it will 
require the joint efforts of the entire educational spectrum to insure complete 
success. 
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Problems of Student Motivation and Identification 
with Science in Technical Education 

STANLEY M. BRODSKY 
New York City Community College 

After agreeing to give a paper with this title, I quickly discovered that so 
precise a focus is premature. No major body of research has been directed 
at this target, although peripherally related areas are being investigated. 
Furthermore, the title is presumptuous in its implication that such problems 
are researchable and significant, and that under the light of research it 
will be possible to improve technical education by reinforcing the science 
orientation of students. 

The difficulty, as I see it, is that we cannot assume that "science," at either 
the secondary or post-secondary level, is synonymous or even related to 
technology in the student's perception, nor can we assume that the role of 
"science" in developing interest in technology education, is a positive one. 
Similarly, interest and orientation to mathematics may not correspond to 
interest and orientation to technology at the associate degree level. 

Therefore, a preferable area of discussion at this stage of development 
would be "Problems of Student Motivation Toward Semiprofessional Higher 
Education in Technology and the Factors Which Influence It." 

Unfortunately, even this discussion cannot be treated directly in terms of 
research findings. The present situation is characterized by a large number 
of identified problems, a general lack of applied research activity of accept- 
able quality, a few generally accepted answers, and inadequate response 
in the form of programs. Rather than attempt a bibliographic attack on 
this topic, I prefer to specify a number of problems which I, along with 





other engineering educators, consider to be important. I will not offer an 
exhaustive taxonomy but will concentrate on those problems which most 
directly affect young people for whom two-year engineering technology 
curricula are appropriate. 

A brief digression is necessary first to justify the need for your attention 
to the seemingly parochial interests of technical educators. Today, we face 
all of the "parochial" problems in a matrix of critical national need for 
adequate numbers of well-trained and well-educated middle technical man- 
power in the form of physical science and engineering technicians. The 
serious imbalance in supply and demand of these types is well documented 
elsewhere. 1 This is the unifying overall problem which makes urgent the 
more specific problems which this symposium is exploring. Extended delay 
or failure to solve them will inhibit scientific and engineering research efforts 
and seriously damage the effectiveness of our technically based industries 
and government agencies, all of which will have far-reaching effects on the 
economy and concomitant domestic and international problems. 

The time for leisurely consideration has been used unproductively. This 
may sound a bit dramatic, but the problem is real. We are at the stage of 
either devising ways to make the existing systems of technical education 
work effectively to meet these needs, or finding realistic alternatives outside 
the existing systems, or both. 

The present manpower dilemma, however, is more an effect than a cause. 
Let me now identify some of the elements related to the total problem, which 
involve student orientation, motivation, and decision-making. I will deal 
separately with the following four categories of young people: 

Graduates of two-year technology programs 
Matriculated students in two-year technology programs 
Applicants to two-year technology programs 
Potential technology students during precollege teenage years 

Problems Associated with Graduates of Two-Year 
Technology Programs 

1. About one-third do not immediately enter technical occupations. 1 

A. Most of these continue as full-time students in baccalaureate programs. 
(1) Most enroll in engineering or technical curricula to improve their 
occupational qualifications beyond the technician level. Most encounter 
severe loss of credit in transfer to conventional curricula. (2) Some enroll 
in nontechnical curricula (e.g., education, business, liberal arts) to satisfy 
a changed occupational objective, to complete an interdisciplinary objective, 
or to increase the number of transfer credits. Still, severe loss of credit in 
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transfer to most traditional programs is typical. (3) Some enroll in bacca- 
laureate programs to delay service obligations. 

B. Some enter the armed forces. 

C. Some enter nontechnical occupations. 

2. Continuing education opportunities for employed graduate technicians 
are limited. 

A. Most enroll in part-time baccalaureate programs similar to 1A(1) and 
1A(2) above. Credit loss greatly extends the time required to complete 
a degree. Most medium- and large-sized employers encourage and subsi- 
dize further education. Accessibility to further higher education varies 
geographically. 

B. Relatively few noncredit specialized courses or programs, designed 
for graduate technicians, are offered by colleges or universities. In-plant- 
and industry-sponsored programs for graduate technicians are ofFered by 
some large employers, and occasionally by professional or technical societies. 
Accessibility is restricted both geographically and according to organiza- 
tional affiliation. 

3. Technicians fend to be upward mobile occupationally, usually info pro- 
fessional and managerial functions. 

This characteristic is a positive factor in occupational attractiveness but 
represents a problem in terms of the numbers of available technicians. 

The Bachelor of Technology Degree 

Although most graduate technicians experience rapid educational and 
occupational growth in spite of the problems cited, the general view of 
two-year technology programs as "terminal" deters consideration of many 
students and parents. As more baccalaureate technology programs develop, 
the "terminal" label for two-year technology programs will be displaced 
by the more socially acceptable "transfer" title. In my judgment, this move 
to accommodate status seeking is valid to the extent that more and better 
technicians are produced, although the justification for the four-year "tech- 
nologist" is shaky. Industrial employers are confused, since the demand 
for four-year programs comes mainly from the educators. However, many 
employers say they would like to have baccalaureate technicians, but they 
may not recognize the dangers. The connection to a four-year degree will 
probably induce many more applicants, but those who earn the B.S. in Tech- 
nology as full-time students will have held themselves out of the labor 
market for two additional years, will have lost some of their value as tech- 
nicians by not using their associate-degree-level skills in employment, and 





